SUMMARY.-The growth of an allogeneic rapidly growing and metastasizing sarcoma (P-388) 
In immunologically competent rats the phenomena of sequestrated progressive growth of isolated metastases in lymph nodes and of a chronic nonprogressive enlargement of nodes in which persistent tumour growth and destruction occurred side by side are described, and effects on prognoses and clinical behaviour, are discussed.
The P-388 tumour is considered of value in quantitative and kinetic experimental studies of metastases, and particularly those in which the role of immunity needs to be assessed and measured to avoid confusion with other factors or agents which might affect the spread and growth of metastases.
RELATrVELY few transplantable solid tumours in animals metastasize regularly from the primary site of inoculation and allow comparative and kinetic studies of growth of metastases to be made. This paper documents quantitative data concerning the rates of growth of solid metastases in lymph nodes and lungs from a rapidly growing allogeneic sarcoma P-388 in the rat, alid compares growth in unirradiated (immunologically intact) recipients with gro-wth in rats given sublethal whole body irradiation before tumour inoculations to suppress the immunological reactions to tumour growth.
MATERLkLS AND METHODS

Tumour
The P-388 sarcoma used in these experiments was a nitrogen-mustarcl resistant strain of Yoshida ascites sarcoma, which was kindly provided by Dr. T. A. Connors, Chester Beatty Institute, Lonclon.
The original Yoshida sarcoma could be grown either as an ascitic or solid tumour and was considered to be of reticulo-endothelial derivation (Yoshicla, 1949 (Yoshicla, , 1952 . The P-388 variant behaves simflarly and resembles an anaplastic reticulosis in its mode of growth and spread. The tumour metastasizes freely and rapidly along associated lymphatic pathways to form metastatic deposits in regional lymph nodes. At a later stage centripetal lymphatic spread produces more widespread node metastases. Tumour cells which enter the main lymphatic ducts are carried into the venous circulation, traverse the right heart and arrest in the lungs to produce discrete pulmonary metastases. Larger solid deposits of tumour-both at the primary site and metastases-are characterized by an outer narrow rapidly proliferating and invasive zone, an intermecliate intensely haemorrhagic zone consisting of both viable and necrotic foci of tumour separated by lakes of stagnant blood and haemorrhage, and a central zone of necrotic tumour which predominates in larger older tumours. Thus in structure the P-388 tumour conforms with the model system of tumour growth proposed by Mayneord (1932) . Histological and micro-angiographic studies have shown that this tumour fails to stimulate significant growth of new blood vessels (angiogenesis) and other tissues which constitute a vascular stroma required to support its continued growth and to prevent necrosis (to be published); viable prohferating tumour primarily utilizes the capillary beds of the invaded tissues for its nutrition and metabolism. Intratumoral haemorrhage causes growing solid deposits to be blood-red in colour and this facilitates the enumeration of pulmonary metastases in freshly excised lungs for quantitative purposes.
Passage and inoculation
The P-388 tumour was passaged every 4.4 days in female Caworth Farm (Wistar) rats of a specific pathogen free strain by intraperitoneal inoculation of 1-2 x 106 P-388 cells. Suitably diluted tumour ascites fluid was counted in a Coulter (model A) electronic cell counter. A parallel differential count of tumour cells and erythrocytes was made on each donor sample to correct for contamination with blood. In samples of 4=5-day-old ascites fluid used for inoculation, < 5 % of erythrocytes and < 1% of leucocytes and macrophages were usuaRy present and tests for cell viabihty based on a dye-exclusion technique with 0-1% nigrosin showed that < 0-I% tumour cells appeared non-viable. P-388 ascites fluid was diluted with ice cold Tyrode's buffer (pH 7 -6), and 0-I ml. containing the required number of cells was inoculated intramuscularly into the distal third of the gastrocnemius muscle above the ankle joint of the rat. A group of 6-8 rats were used for each point in constructing tumour growth curves.
Tumour inoculations made into the leg muscle of rats gave rise to diffuse thickenings which expanded the leg into a pyramidal shape. The using of calipers to determine mean dimensions was found both tedious and inaccurate. Consequently growth of tumour in the leg was scored at 1-2 day intervals in individual rats which were randomized, using a semi-quantitative index of the size (0-6) graded as: no tumour palpable (0); slight thickening (1) ( x x ) and in rats 2 hours after wholebody irradiation ( x ----x ) are show-n for comparative purposes. Measurement of size of tumour has been based o'n the index (Grades 0-6), as described under Methods. Data is for ten groups, each composed of 6-9 rats. enlarged lymph nodes produced by smaller inocula showed early microscopic evidence of tumour cell proliferation with the presence of tumour cell clones, but these metastases usually failed to progress and survive; 2-3 weeks after inoculation the popliteal and abdominal nodes in most rats remained either moderately enlarged or had regressed, despite further gro*th of primary (vide infra). However, in a proportion of animals tumour continued to grow in a single node or node group after growth in other nodes had ceased and often completely regressed. In such animals a large solitary tumour metastasis had not infrequently grown to 50 g. or more Growth in 130 g. rats.
Growth in 1'90 g. rats. 0 A N V Growth in 9 immunized rats (see above). inoculations of 5 x 106 P-388 cells in unirradiated rats and I x 106 P-388 cells in rats exposed to 570 rad. whole body irradiation 2 hours before challenge with tumour. Abbreviations as in Fig. 3, 4 (Fig. 8) In rats sacrificed 7 days after inoculating 1OZ-2 x 107cells, tumour weights (Pr and PN, UAN and CN metastases) were plotted on a log-log scale as a function of the number (N) of cells inoculated, for unirradiated and irradiated recipients respectively (Fig. 10) . After initial slow increases in tumour weights, the relation-B. NO X-RAY A. WB/ 57o r6d. Associated changes in the ratio M/P (7 days), expressed as a function of size of inoculum (N), were obtained in young female recipient rats (90-1 00 g. body weight) using tumour cells harvested froni a single donor rat (Fig. I 1) Fig. 10 show the number of pleural metastases enumerated in lungs of uiiirradiated and irradiated rats inoculated with 102-107 P-388 cells. The incidence rose with the number of cells inoculated and with time after inoculation and was much higher after WBI. Both unirradiated and irradiated rats with pulmonary metastases, showed the presence of tumour cells in ventricular blood and in irradiated rats with massive pulmonary involvement, tumour cells were often the commonest nucleated cell present. Pulmonary metastases were absent or few in number in rats killed with early abdominal lymph node metastases and only appeared in large numbers of rather uniform size after more widespread metastases in lymph nodes had occurred and irrespective of size attained by the primary tumour. Fig. 10 (Kim, 1970) 
